A new magnetoelectric hybrid device composed of a nano-particulate magnetostrictive iron oxide-cobalt ferrite film on a piezoelectric PZT crystal serving as both substrate and straining medium, is described. Nano-Fe 3 O 4 /CoFe2O4 particles, ranging from 5nm to 42nm, were prepared using a variation of the sol-gel method . A small electric field, 5-10 kV cm -1 , applied at the coercive field of the nano Fe 3 O 4 /CoFe2O4 component modulates the film magnetization up to 10% of the saturation magnetization of ferrite. At the smallest particle size of 5nm the coercive field is as low as 25 Oe and the ME E voltage coefficients as high as 10
magnetization of ferrite. At the smallest particle size of 5nm the coercive field is as low as 25 Oe and the ME E voltage coefficients as high as 10 The recent surge of papers describing magnetoelectric composites (MECs ) may be divided into two groups, the first consisting of papers reporting on metal-oxide composites and the second containing those publications dealing with oxide-oxide structures. High MEC susceptibilities at low magnetic fields are achieved with metaloxide MECs by choosing either glassy metals or designing highly magnetostrictive metallic components with zero demagnetization factor.
1,2 Similar approaches are not as readily accessible for oxide/oxide ME composites as these are predominantly fabricated by thin film technologies, e.g., 3 and the oxide featuring the highest magnetostriction, CFO, possesses a large magnetocrystalline anisotropy. The fully epitaxial self-assembled 3-1 CFO/BTO ME composites 4 represent somewhat of an exception. Therefore, in an effort to reduce the effective magnetocrystalline anisotropy and thereby the coercive force of CFO, we developed a nano-Fe 3 O 4 /CoFe 2 O 4 //PZT MEC whose fabrication and properties are described in the following.
To achieve a high effective magneto-electric signal, ME composites require high piezoelectric and magnetic susceptibilities. only a small amount of cobalt ferrite to magnetite changes the sign of the anisotropy constant from negative to positive. 13 Our experiments extend this idea to additions to cobalt ferrite.
The structure of the composites was characterized using scanning x-ray microdiffraction (D8 DISCOVER with GADDS for combinatorial screening by Bruker-AXS). In order to demonstrate the ME coupling of the ferro-electric and -magnetic components of the composite the average in-plane magnetization of the CFO nanoparticles was determined as the PZT substrate was alternately poled. 14,15 Fig. 2 displays the variation of the magnetization at the coercive field of 80 Oe as the electric field was sinusoidally varied as a function of time. These data yield a magnetoelectric coefficient ME E = 10.1 V/Oe cm which compares favorably with published values. 16 It is clear from Fig. 2 that the processing temperature significantly affects the sensitivity output of ME composites. The maximum ME E sensitivity was observed for a sample annealed at T=550 0 C. After annealing at this temperature the domain size is significantly smaller than after annealing at all other temperatures, see 
